Objective: The aims of this study were to (1) examine riding habits of injured cyclists, (2) identify factors related to seeking medical treatment, (3) investigate performance of recreational road cyclists compared with established norms regarding strength and flexibility measures, and (4) propose cycling-specific injury risk factors.
INTRODUCTION
Cycling has become increasingly popular in the United States for transportation and recreation. 1 During training and competition, road cyclists experience physiologic and environmental stressors resulting in various traumatic and nontraumatic injuries. Cycling is unique because equipment significantly factors in performance and efficiency. 2, 3 Improper bike fit may contribute to pain and eventual injury. [3] [4] [5] [6] Over-use injury, reported at prevalence of up to 85%, 7 results from unsound training or poor biomechanics. [6] [7] [8] [9] [10] Risk factors like poor flexibility, strength, and muscular recruitment patterns have been suggested. 6, 9 Several studies describe injury types related to road cycling, but only 1 study 7 in our review examines injury versus seeking medical attention and training volume. There were no studies evaluating (1) biomechanics of the recreational road cyclist in relationship to their peers and established norms, (2) relationship of suggested injury prevention factors to incidence of injury, and (3) relationship of current injury at the beginning of the cycling season to incidence of new injury throughout the season.
The primary objectives of this descriptive study were to compare level of cycling activity of the injured versus noninjured cyclist, and factors that may influence seeking medical treatment. Secondary objectives were to compare intrinsic/extrinsic and biomechanical measures with norms and explore associations to injury. We hypothesize that high strength and flexibility testing performance may decrease injury potential. Those within bike fit norms may have lower injury likelihood; those with current injury may have higher injury risk prospectively.
METHODS

Participants
Volunteers met the following inclusion criteria: age 18 to 60 years, at least 1 year of road cycling experience, road cycling as their primary sport, and no multi-sport competitions. Speaking and reading English was required. Recruitment occurred through flyers at local cycling shops and e-mails to cycling clubs before the road cycling season. Participants gave written informed consent in accordance with a protocol approved by the facility's Institutional Review Board.
Demographics and Cycling History
Participants completed an enrollment questionnaire that included demographic information, current riding habits, cross-training activities, fracture and concussion history, and current injury. Injury was defined as "any physical complaint sustained by a [cyclist] that results from a [cycling race or] training, irrespective of the need for medical attention or timeloss from [cycling]." 11 Injury was self-classified using the first 2 tiers of the Orchard Sports Injury Classification System (OSICS)-10 12 and further documented by pain level using a visual analog scale, injury type (traumatic vs nontraumatic), and treatment sought. Assistance classifying injury was provided by a physical therapist.
Training Diary
Participants recorded time road cycling, weight training, and cross-training for 14 days after enrollment to obtain average training volume.
Prospective Injury
Participants completed 8 weekly injury incident questionnaires during the road cycling season, recording date, if traumatic, pain using a visual analog scale (0-10) and if recurrent but not yet reported. Participants self-classified injury according to OSICS-10 categories with assistance as needed and documented treatment sought. Weekly selfreporting was chosen to limit recall bias and to maximize capture of over-use injury.
11,13
Measurement
Measurement took place at a cycling shop and a cycling distribution company.
Anthropometrics
Height and inseam were established with a standard tape measure with back to a wall and feet about 5 cm apart. Inseam was measured from the floor to the top of a 1-inch book placed between the legs and flush to the wall and ischium. 5 
Cycling Goniometry
Participants were tested on their own road bike on a fluid trainer (CycleOps Fluid 2; CycleOps, Madison, Wisconsin; and Kinetic Road Machine; Kurt Kinetic, Minneapolis, Minnesota). Participants cycled with hands on the brake hoods for 30 seconds at a "comfortable pace" and low resistance, then stopped at bottom dead center where torso angle versus horizontal, elbow angle, and knee and hip flexion were goniometrically measured (Baseline Hi-Res; Fabrication Enterprises, White Plains, New York). Participants pedaled again for 30 seconds, then stopped at top dead center where knee and hip joint angles were recorded. The procedure was repeated with hands in the drop position. Saddle angle and seat height were measured with a digital level (Stanley, New Britain, Connecticut) and measuring tape.
Flexibility
Hamstring flexibility was measured using modified active knee extension. 14 The pelvis was stabilized at the anterior superior iliac spines (ASIS) with legs stabilized at 90-degree hip flexion for the test leg and 0 degree for the contralateral. With the foot in comfortable plantarflexion, the participant extended their knee to myoclonus and then flexed to relieve movement. Knee extension lacking from vertical was recorded. Lumbar flexibility was measured with a bubble inclinometer (OPTP, Minneapolis, Minnesota) at T12 and S1 15 zeroed in anatomical position. They were instructed to "bend forward, reaching with your hands" then "bend backward, keeping your knees straight" to record maximal flexion and extension. Total lumbar excursion and lumbar flexion excursion were determined from the difference between the 2 measures.
Isometric Strength
Modified Biering-Sorensen testing measured trunk extensor endurance. 16 Participants lay prone with the ASIS on the table edge with the ankles, knees, and hips fixed. They supported themselves with hands on a chair 25 cm below until instructed to "put your hands across your chest and lift off the chair." Timing began, recorded in seconds until they recontacted the chair. Side bridge testing included side-lying on a yoga mat with bottom arm at 90-degree elbow flexion and 90-degree shoulder abduction. Top arm was on the opposite shoulder and the top foot ahead of the other. The participant lifted off the mat with time recorded from lift to when the bottom hip returned to the mat; the process was repeated on the opposite side. Flexor strength was tested seated with knees bent, feet fixed, and reclining against 60-degree support. With hands across the chest, the support was moved 10 cm posteriorly and time was recorded until upper body fell below the plane at 60 degrees.
Dynamic Strength
Participants completed 10 bilateral repetitions of a video-recorded 8 00 step-down. Participants were instructed to tap the heel of their free leg, maintaining weight on the stance leg. 17, 18 Two clinicians assessed trunk, pelvic, and lower extremity positioning and stability. A modified stepdown scoring system was used and the 2 scores were averaged.
17,18
Plyometric Strength
Participants were instructed to perform tuck jumps by starting with their feet shoulder width apart then jumping, pulling knees up as high as possible, and then landing softly. They were video-recorded performing repeated jumps for 10 seconds. Landing noise was manually recorded. Two clinicians scored the videos using 9 criteria: lower extremity valgus, foot contact timing, landing location, feet both parallel and shoulder width, thigh symmetry both in flight and at peak, pause between jumps, and technique decline. 19 Scores were averaged between 2 clinicians.
Data Analysis
Chi-square analysis, or Fisher exact test when entries did not meet x 2 requirements, evaluated correlation between dichotomous variables: intrinsic/extrinsic factors (good/okay or poor), injury (yes or no), injury location (yes or no), gender (male or female), and seeking medical care (yes or no). Pearson correlation was used to evaluate the relationship between continuous variables, such as pain and age. Differences in pain levels and age and between those seeking medical care and not for injuries existing at enrollment were tested using a 2-tailed Student t test. Variables significant in univariate analysis for seeking medical care were included in multivariate logistic regression analysis to evaluate the odds ratio for seeking care relevant to each of the variables. Prospective evaluation for seeking care is described. Statistical analysis was not possible due to the small number of injury events for which medical care was sought. P , 0.05 was required for significance. SPSS V18.0 (IBM, Armonk, New York) was used for analysis.
RESULTS
Sixty-eight participants were recruited; 5 dropped out due to work commitments (1), racing commitments (3), and surgery (1), leaving a total of 63 participants. Mean age was 41.0 years (SD: 11.2, range: 24-65 years); 46 (73%) were men and 60 (95.2%) were white. They rode on average 17.5 years with 5 participants riding .40 years, 78% rode bikes ,5 years old, 59% had bikes professionally fit (Table 1) . Helmets were "always" worn by 62 participants (98.4%).
Injury and Pain at Enrollment
At enrollment, 43 participants (68.7%) were experiencing pain while cycling due to related injuries. Of these, 28 (65.1%) had their injury greater than 1 year. Those in pain reported worst pain at a mean of 4.8 (SD: 2.2) on a 10-point visual analog scale, with 29 (67.5%) reporting a worst pain level .4. The most frequent injury locations were neck, shoulder, lumbar spine, and knee ( Table 2 ). The most frequent self-reported injury types were muscle, tendon, and other stress/overuse. Thirty-seven participants (86.0%) reported being injured at ,2 locations and 36 (83.7%) had ,2 injury types. One participant was in a traumatic accident with a motor vehicle and reported 17 locations with 7 injury types.
Injury and Pain Prospectively
Twenty-five study participants (39.7%) experienced 34 injury events during the 8-week reporting period. Seven participants (20.6%) were traumatic and 11 (32.4%) were The most frequent injury locations, similar to retrospective reports, were neck, lumbar spine, thigh, and knee ( Table 2) . The most frequent injury types, again similar to retrospective reports, were muscle and other stress/overuse. Recurrent injury rate was 32.4%. Pain levels for recurrent events at a median of 6 (range: 3-9), were significantly greater than pain reported for nonrecurrent events at a median of 4 (range: 2-8) (P = 0.02).
Frequency and Duration of Workouts
At enrollment, participants reported riding on average 4.6 (SD: 1.4) days, 10.3 (SD: 8.7) hours, and 208.9 (SD: 122.3) km per week. Pain level did not affect workout cycling routines as shown in Table 3 .
Using 2-week exercise diaries, participants reported similar riding habits as provided at enrollment at mean values of 10.1 (SD: 4.7) and 10.3 (SD: 8.7) hours per week respectfully, and a mean difference of 20.24 hours per week (P = 0.75). The 2 values correlated strongly at r = 0.79 (P , 0.001). A total of 31 participants reported cross-training activity at an average of 1 hour per week (SD: 0.34) and 15 reported weight training at an average of 1 hour per week (SD: 0.60). In aggregate, participants reported exercising 2.1 hours per day (SD: 0.70).
Results of evaluating intrinsic and extrinsic factors related to road cycling are provided in Table 4 . For most factors, percent meeting standards for "good or okay" were less than 50%.
Factors Related to Incidence of Injury
Intrinsic and extrinsic factors described in Table 4 were not related to injury. Those reporting professional fitting, defined by a paid service performed by a bike shop, were more likely to report an injury prospectively, 19 of 37 (51.4%), than those who had not, 6 of 26 (23.1%) (P = 0.037). Those reporting pain riding at enrollment were more likely to have an injury event, 21 of 43 (48.8%), than those who did not, 4 of 20 (20.0%) (P = 0.051).
Pain, Age, and Sex Relating to Seeking Medical Care
A total of 25 of 43 participants (58.1%) reporting cycling-related pain at enrollment sought medical care from at least 1 care provider including doctor/nurse, 21 (48.8%); physical therapist, 18 (41.9%); chiropractor, 5 (11.6%); and massage therapist, 9 (20.9%). Nine of 12 women (75%) and 16 of 31 men (51.6%) sought medical care (P = 0.19). Mean pain level for those seeking care was 5.6 (SD: 2.0) compared with 3.8 (SD: 2.0) for those self-treating (P = 0.005). Mean age for those seeking medical care was 44 (SD: 10.2) compared with 36.2 (SD: 9.7) for those not seeking care (P = 0.014). Multivariate analysis (Table 5) indicates that both age and pain level were significant factors in seeking medical care.
Prospectively, participants sought care for the following number of injury events out of 34: doctor/nurse, 6 (17.6%); physical therapist, 5 (14.7%); chiropractor, 2 (5.9%); and massage therapist, 2 (5.9%). Five participants reported more than 1 injury; each sought medical care for only 1 event.
DISCUSSION
In this study, we evaluated pain prevalence among road cyclists and its effect on cycling activity and seeking medical care. The main findings were (1) two-thirds of study participants experienced pain levels exceeding 4 on a visual analog scale from 0 to 10, (2) cyclists train intensely regardless of pain, (3) intensity of pain was high, at a mean of 5.6 (SD: 2), to induce a cyclist to seek medical treatment, and (4) pain level and age were factors in seeking care. Additionally, we evaluated intrinsic/extrinsic factors previously identified as protective against injury. Findings included the following: (1) for most intrinsic/extrinsic factors, less than 50% of participants met recommended standards, (2) we found no relationship between these factors and injury, (3) factors related to injury prospectively included reported pain when cycling at enrollment and having had their bicycle professionally fit.
We had 32.4% recurrent and 48.8% subsequent injury rates. Fuller et al noted that "a previous injury can increase the risk of sustaining a similar injury by up to an order of magnitude". 28 This could result from incomplete healing, but other factors should be investigated. Galambos et al 29 suggested that mood and perceived stress can predict injury in elite athletes with some success and these factors have a significant relationship in currently injured athletes. Clearly, injury is multi-factorial and difficult to predict with strictly objective criteria.
We found that cyclists with professional bike fits were more likely to report injury. We hypothesize reasons for this result. A fitter customarily asks a cyclist about discomfort, thus improving injury recall or acknowledgment. A fit may improve but not fully alleviate pain; this is not differentiated in this study. The cyclist has likely changed biomechanically since their fitting. In this study, more than half of cyclists were professionally fit more than 3 years earlier. Professional fit can vary from visual evaluation to computerized fitting systems. Some fit for efficiency and aerodynamics over comfort, encouraging cyclists to accept some degree of discomfort for potential performance enhancement. Further studies are recommended to assess the relationship of fitting for comfort versus efficiency relative to injury.
In this study, training intensity was comparable among cyclists regardless of pain reported. The ability to continue to train at a high level despite pain is a trait observed clinically. Obtaining a medical history from cyclists requires careful questioning to help differentiate "normal" pain from symptoms needing treatment. We found that cyclists resist admitting injury as they want to continue uninterrupted during the short season. Furthermore, cyclists seem to be acclimatized to some degree of discomfort even in healthy condition; they may be able to suppress injury-related pain. The ability to continue participation regardless of pain may be due to the low-impact nature of cycling and reliance on equipment. We have noticed that many seek medical attention only when they can no longer keep up with their teammates.
This study had several limitations potentially impacting our findings. Time spent cycling and injury profile were selfreported. We found that time at enrollment was not significantly different from time documented in 2-week diaries providing some assurance that self-reported time was accurate. Assistance with injury diagnosis was available, but 27 ‡Inclinometer versus radiological measurement r = 0.98. 15 §Inclinometer versus radiological measurement r = 0.97. 15 ¶Criteria set at mean 6 1SD. kReliability of 5 days of repeated testing then 8-week re-test = 0.99. diagnosis was not medically verified. Participants with an injury may have been more likely to participate; they may have hoped they could uncover a solution for their injury. Also, the performance of professional bike fit was not standardized. Finally, some cyclists cross-trained, and although they reported injury only during cycling, it is possible that they incurred an injury cross-training that they did not recognize until they were on the bike. We tried to capture as many injury events as possible through the enrollment and weekly questionnaires; however, it is likely that some events were not reported. Cyclist reporting rate of road crash injury requiring medical attention has been documented at 33% 30 and concussion reporting rates in high school football players was found to be 47%. 31 In the latter, athletes not reporting their injury noted that they did not know they had a concussion, did not think it warranted care, and/or they did not want to lose participation time. 31 These reasons are all plausible for our population. Many athletes think a concussion has to include loss of consciousness, so they may have under-reported history of concussion in our study.
We found no significant relationships between biomechanical factors and injury. We chose tests reproducible in the clinical setting; perhaps, a more intensive testing regimen is necessary to account for small differences between cyclists. The participants were tested either after their typical bike commute or before cycling for that day. As such, they were in a state of relative rest. Fatigue alters biomechanics, 9,32,33 so testing after riding may have altered results, and potentially more so for those injured or who would become injured.
We found no relationships between intrinsic/extrinsic factors and incidence of injury. Our group size of 63 and a large subset of 43 participants with injuries and pain at enrollment along with a majority of participants not meeting recommended standards for tested measures yielded statistical powers ,50% to detect differences in injury rates due to these factors. Additionally, participant performance on our testing regimen may have been altered since the actual time of the injury. Cycling is a dynamic sport with many variables related to avoiding injury.
CONCLUSIONS
Road cyclists in this study reported a high degree of pain while cycling. Follow-up research should explore the behavior of cyclists relative to pain endurance and seeking medical attention. This is important because we found that cyclists reporting pain at enrollment were more likely to incur a new injury.
Based on our literature review and study findings, there is a need to better define normative values for intrinsic/ extrinsic factors related to cycling and testing their relationship to injury. Injury prevention strategies in cycling are frequently hypothesized but widely untested. 8 Performance on our study variables was often reported using a convenience sample of university-aged participants and may not relate to the population of road cyclists who tend to be older as reported in the 2010 USA cycling member demographics. 34 A national registry that includes demographics, intrinsic/ extrinsic factor measurements, and injury events could help support these studies. With the growing popularity of road cycling, injury-related research is imperative.
